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In the Claims 

Please amend the claims of the Application as follows: 

1 . (Currently Amended) A method of creating entanglement between first and second atomic 
ensembles , comprising: 

gen e rating puls e s of light in a pulsed sourc e of light, wher e in e ach puls e of light 
includ e s at l e ast on e photon; propagating a first pulse of light generated in said pulsed source 
of light into a the first atomic ensemble having a first collective excitation state, wherein 
photons in said first pulse of light have an energy that can excite the first atomic ensemble to 
the said first collective excitation state so as to generate first photons : 

propagating a second pulse of light generated in said pulsed source of light into a- the 
second atomic ensemble having a second collective excitation state, wherein photons in said 
second pulse of light have an energy that can excite the second atomic ensemble to the seAd 
second collective excitation state so as to generate second photons : 

r e c e iving from said first e ns e mbl e and said s e cond ens e mbl e interfering the first and 
second photons at an interferer fef int e rf e ring light puls e s substantially only photons resulting 
firom g e n e ration of said first coll e ctiv e e xcitation and said s e cond coll e ctiv e e xcitation ; and 

r e ceiving detecting from said int e rf e r e r the interfered photons at a first singl e photon 
detector and s e cond singl e photon det e ctor light said so as to establish entanglement between 
the first and second atomic ensembles . 

2. (Currently Amended) The method of claim 1 further comprising detecting the interfered 
photons with a first or second photon detector and controlling photon det e ction of said first 
single photon detector and said second single photon detector with a photo detector 
controller. 

3. (Currently Amended) The method of claim 1 further comprising preventing photons not 
resulting from the generation of collective excitations in on e of said first atomic ensemble and 
said second atomi c ensemble fi-om reaching said interferer by arranging a first filter with a 
first filt e r dispos e d in a first optical path between said first atomic ensemble and said 
interfere r. and a second filter in a second optical path between said second atomic ensemble 
and said interferer. 
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4. (Canceled) The method of claim 1 further comprising preventing photons not resulting 
from generation of collective excitations from reaching said interferer with a second filter 
disposed between said second ensemble and said interferer forming the first and second light 
pulses from a single pulse of light. 

5. (Currently Amended) The method of claim 1 wherein an incid e nt photon in a pulse of 
light g e n e rat e d by said sourc e of light and transmitt e d into either said first e ns e mble or said 
s e cond e nsembl e has the first and second light pulses each have a substantial probability of 
int e racting with th e e ns e mbl e to g e n e rat e a generating collective excitation excitations in the 
first and second atomic ensembles, respectively in the e ns e mble . 

6. (Currently Amended) The method of claim 1 including forming each atomic ensemble 
from one of wh e r e in said ens e mbl e comprises solid matte n gaseous matter and liquid matter . 

7. (Canceled) The method of claim 1 wherein said ensemble comprises gaseous matter. 

8. (Canceled) The method of claim 1 wherein said ensemble comprises liquid matter. 

9. (Currently Amended) The method of claim 1 wherein generating the first and second 
photons involves said coll e ctive e xcitation of a photon in said puls e s of light int e racting with 
on e of th e e nsembl e s to g e n e rat e on e of th e coll e ctiv e excitations defines a Stokes process. 

10. (Currently Amended) The method of claim 1 wherein eaeh-ef the first and second atomic 
ensembles have substantially identical collective excitation energies. 

1 1 . (Currently Amended) The method of claim 1 wherein said first e ns e mbl e and said-second 
e ns e mbl e atomic ensembles comprise alkali atoms. 

12. (Currently Amended) The method of claim 1 wherein said first ens e mbl e and eeA4 second 
atomic ensembles en se mbl e comprise Cesium atoms. 
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13. (Currently Amended) The method of claim 12 wherein the a donoity of Cesium atoms in 
each one of said first ensemble and said second ensemfele atomic ensembles has a density of is 
between 1 and 100 atoms per cubic micron micro meter . 

14. (Canceled) The method of claim 1 wherein said preventing photons not resulting from 
generation of collective excitations in one of said first ensemble and said second ensemble 
from reaching said interferer comprises a wavelength sensitive first filter disposed between 
said first ensemble and said interferer. 

15. (Currently Amended) The method of claim 1 including synchronizing the first and second 
li pht pulses with whoroin ooid oourco oomprio e o a synchronizer for o^mohronizing 
transmiosion from said source of two pvdses . 

16. (Currently Amended) The method of claim 1 including generating the first and second 
lipht pulses with whoroin said source comprises a laser. 

17. (Currently Amended) The method of claim 1 including gen erating the first and second 
li pht pulses with whoroin said source comprises a flash lamp. 

18. (Currently Amended) The method of claim 1 wherein said first ensemble and said second 
ensemble contain onlv atoms molooulos oach of which has a ooUoctivc excitation . 

19. (Currently Amended) The method of claim 1 fiirther comprising ceasing generating 
fHkefrftf first and second light pulses hi Md pulsed souroo of light when one of said two. 
single photon detectors detects a photon pulse. 

20. (Currently Amended) The method of claim 1 fiirther comprising entangling a third 
atomic ensemble opticallv coupled to the fir st atomic ensemble with a fourth atomic 
ensemble opticallv coupled to the second atomic ensembl e , oach having a coUoctivo excitation 
state, whoroin photons in said first pulse of light havo on onorgy that oan OKoite said ooUootiv e 
excitation state . 
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21. (Currently Amended) The method of claim 20 further comprising entangling said first 
and second atomic ensembles with said third and fourth atomic ensembles. 

22. (Currently Amended) The method of claim 21 wherein said entangling comprises 
detecting a photon ptrise propagated through a second beam splitt e r interferer using to one of 
a third single photon detector and a fourth single photon detector, 

23. (Currently Amended) The method of claim 22 further comprising filtering light pulses 
transmitted towards said second interferer beam splitter . 

24. (Currently Amended) The method of claim 21 further comprising entangling said third 
and fourth atomic ensembles with fifth and sixth atomic ensembles. 

25. (Currently Amended) The method of claim 1 further comprising repeated applications of 
the steps acts defined in claim 1 with a number of additional sets of atomic ensembles to 
provide long distance quantum communication over a communication distance via 
entanglement between remote ones of the atomic ensembles in a manner such that that 
number of additional atomic ensembles scales w hich rosourccQ only ocal e polynomially with 
the communication distance. 

26. (Currently Amended) The method of claim 1 further comprising repeated applications of 
the steps acts defined in Claim 1 with a number of additional sets of atomic ensembles to 
provide long distance entanglement generation over a communication distance comprising in 
which the number of atomic ensembles scales rcsourcoo only scale p olynomially with the 
communication distance. 

27. (Currently Amended) A system comprising: 

a pulGcd source of light source for generating pulses of ligh t, v^^horein each puloo of 
light inoludoo at l e ast one photon ; 

a first atomic ensemble krte in which a first pulse of light from the ligh t source creates 
gonoratod in said pulood sourco of light can propagate, said first onsomblo having a first 
collective excitation stat e, wherein photons in said first puloo of light have on energy that can 
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nvritn r.niH firnt cnllectivQ Gxcitation t hat generates first photons ; 

a second atomic ensemble iate in which a second pulse of light from the light source 
creates goncratod in said pulsed sourc e of light can propagat e , said second onaombl e having a 
second collective excitation state , whoroin photons in said second pulso of light have on 
m^ T^y t hh t ^n n ^y^itn tn r . niH narnnH nnll e ctivQ Qxoitation t hat generates se c ond photons : 

receiving from said at 

an interferer for interfering arranged so as to interfere first and second photons ifl4ight 
pulscG r e c e ived from respectivelv generated in the first ensembl e and said second atomic 
ensembles resulting from gen e ration of said first collective excitation and said s e cond 
collective excitation ; and 

arfirst single photon detector and second single photon detector for detectors arranged 
so as to detect the interfered first and second photons so as to cr eate entanglement between 
the first and second atomic ensembles, r eceiving light pulses from said interferer propagat e d 
to said interferer from said first ensemble and said second ensembl e. 

28. (Currently Amended) The system of claim 27 fiirther comprising a photo detector 
controller operablv coupled to the first and second single photon detectors an d adapted to 
control for controlling photon detection of said first single photon detector and said second 
single photon d e t e ctor . 

29. (Currently Amended) The system of claim 27 fiirther comprising a first filter disposed 
between said first atomic ensemble and said interferer for preventing photons not resulting 
from generation of collective excitations generated in one of said first atomic ensemble aad- 
said second ensembl e from reaching said interferer. 

30. (Currentiy Amended) The system of claim 29 32 fiirther comprising a second filter 
disposed between said second atomic ensemble and said interferer for preventing photons not 
rogiilting ^^^^ gnnomtinn nf rnllnctivQ excitations generated in said second a tomic ensemble 
from reaching said interferer. 

3 1 . (Currently Amended) The system of claim 27 wherein an incident photon in a pulso of 
light g e n e rated by said source of light and transmitt e d into eith e r said first e nsemble or said 
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Gocond onoomblo has a the first and second pulses of light have a substantial probability of 
interacting with the first and second atomic ensembles, respectively, so as ens e mbl e to 
generate a collective excitation in the respective a tomic ensembles e ns e mbl e. 

32. (Currently Amended) The system of claim 27 wherein said atomic ensemble comprises 
solid matter. 

33. (Currently Amended) The system of claim 27 wherein said atomic ensemble comprises 
gaseous matter. 

34. (Currently Amended) The system of claun 27 wherein said atomic ensemble comprises 
liquid matter. 

35. (Currently Amended) The system of claim 27 wherein said first and sec ond photons are 
generated by coUcotivo excitation of a photon in ooid pulses of light intoraotmg with on e of 
tho cnsombloQ to gonorato one of the ooUootive excitations defines a Stokes process in the 
respective first and second atomic ensembles . 

36. (Currently Amended) The system of claim 27 wherein each of the first and second 
atomic ensembles have substantially identical collective excitation energies. 

37. (Currently Amended) The system of claim 27 wherein said first atomic ensemble and 
said second atomic ensemble each comprises alkali atoms. 

38. (Currently Amended) The system of claim 27 wherein said first atomic ensemble and 
said second atomic ensemble each comprises Cesium atoms. 

39. (Currently Amended) The system of claim 38 wherein a density of the Cesium atoms in- 
oach one of said first onoomblo and said second ensemble have a density of is-between 1 and 
100 atoms per cubic micron micro m e t e r . 



40. (Currently Amended) tVi^ gygt^m nf r.lflim n further comprising first and second a- 
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wavelength sensitive filters respectively arranged first filt e r b e tw ee n in a first optical path 
between said interferer and said first atomic ensemble and a second optical path between said 
interferer and said second atomic ensemble . 

41 . (Currently Amended) The system of claim 27 including wherein said source comprisos a 
synchronizer operably coupled to the light source and adapted to for synohronizing 
synchronize the first and second light transmission from said sourc e of two pulses. 

42. (Currently Amended) The system of claim 27 wherein said light source comprises a laser. 

43. (Currenty Amended) The system of claim 27 wherein said light source comprises a flash 
lamp. 

44. (Currently Amended) The system of claim 27 wherein said first atomic ensemble and said 
second atomic ensemble contain molecules each of which has having subs tantially the same a 
collective excitation energy . 

45. (Currently Amended) The system of claim 27 further comprising a controller adapted to 
cause the light source to cease means for c e asing generating first and second light pulses ef- 
light in said pulsed sourc e of light w hen the interfered first and second photons is detected 
one of said detectors detects a pulse . 

46. (Currently Amended) The system of claim 27 further comprising means for entangling a 
third atomic ensemble with a fourth atomic ensemble, each atomic ensemble having a 
collective excitation state, wherein photons in said first and second pulse of light pulses have 
an energy that can excite said collective excitation state. 

47. (Currently Amended) The system of claim 46 further comprising means for entangling 
said first and second atomic ensembles with said third and fourth atomic ensembles. 

48. (Currently Amended) The system of claim 47 further including a second interferer 
optically coupled to third and fourth single photon detectors .w herein said entangling 
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comprises detecting interfered p hotons puls e propagated through a s e cond b e am splitt e r ttie_ 
second interferer to one of a the third single photon dotoctor and a fourth single photon 
d e t e ctor detectors . 

49. (Currently Amended) The system of claim 48 further comprising a filters for fihering 
light puls e s transmitted towards said second beam splitt e r interferer . 

50. (Currently Amended) The system of claim 4? 27 further comprising a plurality of atomic 
ensembles, a plurality of interferers and a plurality of pairs of single photon detectors fef 
adapted to create effective maximally entanglement (EME) e ntangling said third and fourth 
ens e mbl e s with fifth and sixth between twe remotely located atomic ensembles. 

51. (Currently Amended) The A long distance quantum communication system ef- 
according to claim 27 furth e r comprising moans for a number of repeated sequences 
appHcations of th e st e ps d e fin e d in claim 1 of the system of claim 27 adapted to effectuate 
with additional s e ts of ensembl e s to provid e long distance quantum communication between 
remotely located atomic ensembles separated by a communication distance, in which the 
number of repeated sequences scales r esources only scal e polynomially with the 
communication distance . 

52. (Currently Amended) The A long distance entanglement system ef according to claim 
27 faffee^omprising moans for a nimiber of repeated sequences of the system of claim 27 
adapted to effectuate applications of th e steps defin e d in Claim 1 with additional sets of 
onsombl e s to provid e long distance entanglement generation between remotely located atomic 
ensembles separated by a communication distance, c omprising in which r e sourc e s only scal e 
the number of repeated sequences scales polynomially v^th the communication distance. 

53. (Currently Amended) In a system in which a first atomic ensemble pair L1,R1 is 
entangled due to excitation of photon generated collective excitations^ and a second atomic 
ensemble pair L2, R2 is entangled due to excitation of photon generated collective excitation, 
a method comprising: 

receiving single photon detection signals fi:om one of a first, second, third, and fourth 

J 
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single photon detectors; and 

identifying if establishing entanglement between atomic ensemble pair L1,R1 is- 
e ntangl e d with and ensemble pair L2, R2 by detecting a photon in any one of said first, 
second, third, and fourth single photon detectors. 

54. (Currently Amended) The method of claim 53 wherein atomic ensembles LI and Rl are 
remotely located, and further comprising transmitting information between atomic ensembles 
LI and Rl o nce atomic ensemble pair Ll^Rl is entangled with atomic ensemble pair L2, R2. 

55. (Original) In a system in which ensemble pair LI, Rl is entangled due to excitation of 
photon generated collective excitations and ensemble pair L2, R2 is entangled due to 
excitation of photon generated collective excitation, a method comprising: 

receiving single photon detection signals from one of a first, second, third, and fourth 
single photon detectors; 

generating a control signal based upon said detection signals; 

transmitting said control signals to a secondary control system; 

controlling generation of an optical pulse based upon said control signals, wherein said 
optical pulse is transmitted to ensemble pair R1,L1; and 

identifying if an ensemble II is entangled with ensemble pair Rl^Ll by detecting a 
photon in either the first single photon detector or the second single photon detector. 

56. (Original) The method of claim 55 further comprising transmitting information once 
ensemble II entangled with ensemble pair Rl, LI. 

57 (New) A long distance communication system based on quantum teleportation, 
comprising: 

a secondary controller comprising a light source and a synchronizer for generating 
synchronized first and second light pulses; 

first and second atomic ensembles Rl and R2 optically coupled to the secondary 
controller via first and second optical paths and adapted to emit Stokes light pulses in 
response to being irradiated with said first and second light pulses, respectively; 

third and fourth atomic ensembles LI and L2 respectively optically coupled to first 



and second atomic ensembles Rl and L2, wherein LI and Rl are entangled and L2 and R2 are 
entangled; 

fifth and sixth atomic ensembles II and 12 respectively optically coupled to atomic 
ensembles LI and L2 by respective first and second interferers adapted to interfere Stokes 
light pulses from atomic ensembles LI and II, and from atomic ensembles L2 and 12, 
respectively, wherein atomic ensembles LI, L2 constitute a logical qubit (qubit A), atomic 
ensembles II, 12 constitute an input qubit (qubit E) of an unknown state, and atomic 
ensembles Rl, R2 represent a qubit B; 

first and second single photon detectors optically coupled to the first interferer, and 
second and third single photon detectors optically coupled to the second interferer, the first 
through fourth single photon detectors adapted to detect interfered light pulses and generated 
a click in the form of first through fourth photodetector signals, respectively; 

a photodetector control unit adapted to receive the first through fourth photodetector 
signals and generated therefrom a control signal that is transmitted to the secondary 
controller; and 

wherein the photodetector control unit obtains an outcome of a Bell-measurement on 
qubits A and E via a first or second photodetector signal and a third or fourth photodetector 
signal, and in response thereto generates the control signal that causes the secondary 
controller to emit first and/or second light pulses in order to replicate the unknown state of 
qubit E in qubit B. 



